The aim of this study was to determine the survival of human pathogens (Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa) in five natural mineral waters (NMWs) with different properties and mineralization levels. Five NMWs from four Spanish spas with different dry residue at 110 W C were used: A ¼ 76,935 mg/L; B ¼ 1,827 mg/L; C ¼ 808.4 mg/L; D ¼ 283.8 mg/L; and E ¼ 170.4 mg/L. An initial inoculum of 1 × 10 6 colony forming units (cfu)/mL was used for survival studies.
INTRODUCTION
Water has been used from time immemorial for remedial purposes. The contamination of water, and particularly drinking water, has been a medical concern since Hippocrates pointed out that water contributes significantly to the individual and collective health. The World Health Organization (WHO) has been concerned with health aspects of the management of water resources for many years and publishes various documents concerning the safety of the water environment and its importance for health. These include a number of normative 'guidelines' documents, such as the Guidelines for Drinking Water Quality and the Guidelines for Safe Recreational Water Environments (WHO , ).
A variety of microorganisms can be found in swimming pools and similar recreational water environments, which may be introduced in a number of ways. Fecal and nonfecal human shedding (e.g. from vomit, mucus, saliva or skin) in the water is a potential source of pathogenic organisms (Yoder et al. ) . In some natural spas utilizing thermal and mineral water it may not be possible to treat the water in the usual way (i.e. by recycling or disinfection) because the agents believed to be of benefit, such as sulfides, carbonates or the microorganisms involved in geochemical processes, would be eliminated or impaired. However, few outbreaks linked to natural spring water have been described (Hubert et al. ; Willke et al. ) . Although survival of pathogenic bacteria in natural mineral waters (NMWs) has been little studied, it has been described that Legionella pneumophila cell populations can potentially survive in hot spring water as free organisms for long periods by maintaining metabolic activity (Ohno et al. ) .
The main concern of the public health authorities is to control the dissemination of pathogens into spas and their transmission to users. For this reason, the aim of the study was to determine the survival of typical human pathogenic species (S. aureus, E. coli, and P. aeruginosa) in five NMWs with different mineral content and properties.
METHODS

Strains
Three American Type Culture Collection (ATCC) control strains (S. aureus ATCC 25923, E. coli ATCC 25922, and P. aeruginosa ATCC 27853), and three clinical isolates (S.
aureus, E. coli, and P. aeruginosa) from patients with skin and soft-tissue infections were used. The strains were stored at -70 W C in skimmed milk and were subcultured on blood agar plates 3 days before each experiment.
Natural mineral waters
Characteristics of the five NMWs from four Spanish spas are shown in for colony counting at 0, 1, 2, 3, and 24 h. Samples were serially diluted in 0.9% sodium chloride and plated onto Mueller-Hinton agar, and further incubated at 37 W C for 24 h prior to colony counting. The detection limit was 50 cfu/mL. All experiments were repeated five times, and the data were expressed as the mean for each sample.
Statistical analysis
Log 10 reductions (log 10 colony counts at time 0log 10 colony counts at each sampling time) were calculated. Comparisons between log 10 reductions were performed by analysis of variance (ANOVA) with the Tukey's test for multiple comparisons.
RESULTS
Sterility test
No viable counts were obtained in any NMW after 24 h incubation at 37 W C. It should be noted, however, that a longer incubation period of study would probably show greater reductions in cell numbers as has previously been observed in Aeromonas hydrophila (Pianetti et al. ) .
Survival curves
In spite of the influence of mineralization level, other factors could affect the bacterial survival in water. The mineral content present in tap water is offset by specific 
CONCLUSIONS
A direct effect between the bacterial survival and the level of mineralization water was observed. The NMW E with low mineralization level along with the radioactive properties showed the highest antibacterial activity.
